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cCongenital supravalvar aortic stenosis (SVAS) is the leastcommon form of left ventricular outflow tract (LVOT)
obstruction.1 It is a manifestation of elastin arteriopathy and
s the most common surgical lesion associated with this dis-
rder. Elastin arteriopathy is caused by amicrodeletion of the
lastin precursor gene 7q11.23, resulting in defective elastin
roduction and a variable spectrum of obstructive lesions in
he large elastin-containing arteries.2 Elastin arteriopathy oc-
urs in 3 populations: Williams-Beuren syndrome, famil-
al elastin arteriopathy, and “sporadic” elastin arteriopa-
hy.1 Clinical reports categorize patients with SVAS into
“discrete” and “diffuse” anatomic presentations.1 Discrete
VAS occurs in approximately 75% of cases. The discrete
orm is characterized by a ring-like thickening of the aortic
all localized to the sinotubular junction and has a classic
ourglass-shaped aortic root seen on angiogram. Diffuse
VAS is characterized by marked thickening of the aortic
all with tubular hypoplasia beginning at the sinotubular
unction extending distally to involve the entire ascending
orta. In extreme cases this process may extend to the iliac
ifurcation. Associated primary and secondary abnormal-
ties of the LVOT are common with both forms of SVAS
nd include subaortic obstruction, bicuspid aortic valve,
oreshortened and or dysplastic leaflet free margins, and
oronary ostial obstruction.3-5 Distal coronary artery ste-
nosis may also occur.3,4,6-8 Right ventricular outflow tract,
main pulmonary artery, and/or branch pulmonary artery
obstructions occur with or without SVAS and require con-
comitant intervention in 10 to 30% of cases.6,9,10 Patients
with coronary artery obstruction or severe biventricular
pressure overload are at significantly increased risk of sud-
den cardiac arrest and operative death.3,6,9,11,12 Any proce-
ure requiring general anesthesia in such patients should
e approached with extreme caution.
Surgical Indications
The goal of surgery for SVAS is to relieve obstruction and
prevent secondary aortic valve degeneration. Surgery is
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Hg.7 Aortic valve insufficiency, evidence of myocardial
schemia, and concomitant severe right heart obstructive
isease may indicate surgery at lesser gradients.3,4,9,10 An-
giography is recommended to demonstrate the distal ex-
tent of aortic disease and to rule out coronary artery, aortic
arch branch, and visceral artery stenoses. Other tech-
niques (magnetic resonance imaging or computed tomog-
raphy) provide adequate imaging. However, we prefer an-
giography because in the event of sudden deterioration,
resuscitation and/or cannulation for extracorporeal mem-
brane oxygenation are more readily accomplished in the
catheterization suite.
Surgical Options
McGoon and colleagues described a single-sinus tech-
nique in which the noncoronary sinus and proximal as-
cending aorta were enlarged with a diamond-shaped
patch.13 Doty and coworkers developed a 2-sinus tech-
ique with inverted bifurcated patch aortoplasty of the
ight- and noncoronary sinuses.14 More recently a number
of 3-sinus repairs have been described including the Brom
3-patch aortoplasty, the Myers all-autologous slide-aorto-
plasty, and a similar autologous method described by
Chard.15-17 Proponents of 3-sinus repairs postulate that
ersistent geometric distortion and secondary effects on
he leaflets may occur with more limited reconstructions
nd compromise long-term aortic valve function.6,8,18 The-
retically, 3-sinus repairs restore more normal aortic root
natomy and will improve long-term outcomes. Stamm
nd colleagues demonstrated that the ratio between aortic
eaflet free margin length and the sinotubular junction
ircumference is significantly higher in patients with SVAS
han in control hearts. However, the ratio between the
eaflet free margin and the circumference at the base of the
eaflet hinge points was the same in patients with SVAS
nd control normals.5 This finding indicates that in most
ases the leaflet dimensions are normal and that enlarge-
ent of all 3 sinuses can restore normal outflow tract
natomy. Most recent series favor the Brom repair for
VAS, and this is our preferred approach. In the presence
f diffuse disease, the Brom technique is modified to in-
lude enlargement of the distal ascending aorta and aortic
rch when necessary.
Brom repair for SVAS 71Operative Technique for Discrete Supravalvar Aortic Stenosis
Figure 1 The ascending aorta is mobilized from the proximal root to the mid-transverse arch. The proximal aorta is
completely separated from the adjacent main pulmonary artery, and the exits of the right and left coronary arteries are
exposed. The aorta will be transected approximately 2 mm above the point of maximal stenosis. Marking sutures are
placed just above and below the intended line of transection. The marking sutures facilitate division after cross-
clamping and subsequent realignment. The aorta is cannulated at the base of the inominate artery. Bicaval venous
cannulation is established with the superior vena cava cannulated through the right atrial appendage. Rightward and
inferior traction on the superior caval cannula aids exposure of the aortic root. The left atrium is vented through the
interatrial groove near the entrance of the right superior pulmonary vein. When necessary, concomitant central
pulmonary artery reconstruction is completed before aortic clamping to minimize ischemic time. If hilar-level pulmo-
nary artery reconstruction is planned, circulatory arrest or low-flow bypass may be necessary, and pulmonary artery
reconstruction is performed after the aorta is transected.
72 M.B. Mitchell and S.P. GoldbergFigure 2 Before aortic clamping, measurements obtained
at preoperative angiogram and direct measurements
made during dissection are used to prepare 3 shield-
shaped patches (A). The sinotubular junction will be en-
larged to a circumference equal to the aortic root mea-
sured at the base of the aortic leaflet hinge points.
Excessive enlargement is avoided because this will cause
aortic insufficiency. Preoperative angiography is useful for
determining the desired amount of enlargement. The si-
notubular junction should be measured during diastole
(B). In some patients the aortic valve leaflets are thick-
ened, and angiographic measurement during systole may
lead to underestimation of the true diameter at the sino-
tubular junction. The increase in circumference required
for each sinus is estimated by (W X):
Desired sinotubular junction circumference  · W
Actual circumference   · X
Total desired circumference increase
 ( · W)  ( · X)
  · (W  X)
  3.14  3
 3 · (W  X)
Three patches are used, and   3 ¡ approximate
width of each patch is
W  X
The sinus and leaflet-free margins are rarely equal. A
small left sinus and short associated leaflet free margin
are common with SVAS. Therefore, the patch widths
are cut 3 to 4 mm larger than estimated by the above
formula to allow individual tailoring for each sinus and
to accommodate for tissue and patch that will be gath-
ered up during suturing. As each patch is inserted, the
achieved enlargement is measured, and the remaining
patches are adjusted to achieve the desired sinotubular
junction circumference. The diameter of the mid-as-
cending aorta (Y) may be smaller or larger than the
diameter at the base of the aortic valve leaflet hinge
points and should not be used to estimate the desired
circumference of the sinotubular junction. The maxi-
mal height of each patch Z is estimated preoperatively
or measured with a silk suture placed from the point of
intended aortic transection down to the base of the
noncoronary sinus.
Brom repair for SVAS 73Figure 3 After clamping and cardioplegia, a transverse incision is made above the noncoronary sinus, using the
previously placed marking sutures as a guide. The lumen of the aorta is visualized to ensure that the incision is above
the commissures and to ensure that the coronary ostia are not compromised. The remaining aorta is then transected.
74 M.B. Mitchell and S.P. GoldbergFigure 4 The root is retracted anteriorly with stay sutures placed at each commissure. The thickened ring displaces the
commissures centrally (arrows), resulting in a cone-shaped aortic root that resembles an aerial view of a volcano.
Thickened tissue may obscure the anatomy, and it can be difficult to see the coronary ostia. The sinuses and leaflet-free
margins are inspected, and the relative sizes and redundancy of the leaflets are assessed. In this illustration, the left sinus
is smallest and its leaflet-free margin is uniformly thick with less redundancy compared with the adjacent leaflets. This
finding is not unusual, and fusion of the left coronary leaflet to the sinotubular junction completely isolating the left
sinus has been reported. The right leaflet is less dysplastic and has significant redundancy and the associated sinus is
larger than the left. The noncoronary leaflet is the most redundant and has the longest free margin, and the associated
sinus is the largest.
Brom repair for SVAS 75Figure 5 The noncoronary sinus is incised vertically at its midpoint. The incision crosses the thick ring intomore normal
aorta and will improve exposure of the other sinuses. This incision is carried to the base of the sinus.
76 M.B. Mitchell and S.P. GoldbergFigure 6 Vertical incisions are then made in the left and right coronary sinuses. These incisions are placed midway
between the associated coronary ostium and nearby commissure. The incision in the left sinus is placed to the right of
the coronary ostium unless there is inadequate room. The incision in the right sinus is placed to the left of the coronary
ostium if possible. This placement minimizes the chances of distorting the proximal course of the coronary arteries, but
the side of the sinus with most room should be used. Because enlargement of the sinotubular junction will be achieved
with 3 patches, these incisions need only be carried down to a depth just below the bottom of the associated coronary
ostia. After all 3 sinus incisions are made, the coronary arteries are examined and probed with coronary dilators. Even
in the absence of obstructing tissue at the ostia, the coronary arteries are often unusually small compared with other
patients of similar size. The leaflets are examined for fenestrations, free margin nodularity, and other abnormalities that
may be difficult to see until the aortic root is opened.
Brom repair for SVAS 77Figure 7 The thickened ring at the sinotubular junction of each segment is sharply removed. In some cases, a coronary
ostiummay sit at or just below the sinotubular junction, and obstructive tissue adjacent to a coronary ostium is sharply
removed.
78 M.B. Mitchell and S.P. GoldbergFigure 8 If there is significant thickening of the leaflet-free margins, the leaflets are thinned to improve mobility. If other
leaflet manipulation is required (eg, patch closure of a fenestration), this is accomplished while exposure is optimal.
Brom repair for SVAS 79Figure 9 The left sinus patch is inserted first. In the illustrated case, the left sinus is smallest. The left patch width and
height are reduced to avoid excessive enlargement of this sinus. After the left sinus is completed, the width of the patch
at the cut edge of the aorta is measured.
80 M.B. Mitchell and S.P. GoldbergFigure 10 The right sinus is reconstructed followed by the noncoronary sinus. In the illustrated case, the right sinus is
middle in size. The patch widths for these sinuses are adjusted to maintain appropriate symmetry using the free margin
of the leaflets as a guide. Following completion of the left and right sinuses, the patch widths are added, and the
required patch width for the noncoronary sinus is determined using the total desired enlargement calculated previ-
ously.
Brom repair for SVAS 81Figure 11 (A) If the length of the stenotic segment of
distal aorta is limited and the caliber of the mid-
ascending aorta is similar to the proximal recon-
struction, the stenotic segment is resected and end-
to-end anastomosis completes the reconstruction.
The marking sutures placed before clamping assist
accurate realignment. Mobilization of the aorta
into the proximal arch facilitates the anastomosis
and will prevent compression of the right pulmo-
nary artery. This technique is not recommended if
reconstruction of the right pulmonary artery is also
necessary. (B) If the diameter of the mid-ascending
aorta is smaller than the reconstructed sinotubular
junction, augmentation with an additional patch is
preferred. This technique maintains the length of
the ascending aorta and is preferred when concom-
itant right pulmonary artery augmentation is nec-
essary. Positioning the distal patch on the outer
curve above the noncoronary sinus patch maxi-
mizes reconnection of native aorta (C). If there is
significant size discrepancy between the ascending
aorta and the reconstructed sinotubular junction, a
modified Brom technique is used. A shield-shaped
patch is used for the left sinus as previously illus-
trated. Longer oval-shaped patches are placed in
the right and noncoronary sinuses and the distal
ends of these patches are sutured to corresponding
counter-incisions in the ascending aorta (not illus-
trated).
82 M.B. Mitchell and S.P. GoldbergOperative Technique for Diffuse Supravalvar Aortic Stenosis
Figure 12 In the diffuse variant of SVAS, diseased aorta may extend well into the descending aorta, and decompression
into the arch vessels is the goal. The small caliber of the ascending aorta is readily appreciated, but the true lumen
diameter is smaller than expected as a result of the diffusely thick aortic wall. Aortic cannulation is often more difficult
and this step must be done with additional care. A deeper stab incision than usual is required, and a straight cannula
with obturator facilitates this step. After initiating bypass, the patient is cooled to 18°C in preparation for circulatory
arrest. During cooling, the ligamentum arteriosum is divided, and the aorta is mobilized from the proximal root to the
descending aorta. The arch branches are dissected and snares are placed. Significant pulmonary artery involvement is
more common with diffuse SVAS. If central pulmonary artery reconstruction is indicated, right-sided reconstruction is
completed before aortic clamping to decrease ischemia time. If hilar-level pulmonary arterioplasty is required, this
is done during circulatory arrest with the ascending aorta transected.
Brom repair for SVAS 83Figure 13 After cooling, the aorta is clamped and car-
dioplegia is delivered. In infants the thick aortic wall
requires a heavier clamp than usual to avoid scissoring.
In addition, purpose-made infant cardioplegia cannu-
las with side holes may not have adequate depth to
allow the side holes to rest within the lumen. The aorta
is clamped; cardioplegia is delivered, and the circula-
tion is arrested. The aorta is transected just above the
area of maximal stenosis. The leaflets and coronary ar-
tery ostia are examined as with discrete cases (Fig. 4).
The arch branches are snared, and the aortic clamp is
removed. The aorta is opened longitudinally on its pos-
terior medial side, and the incision is carried into the
arch along the inner curve beyond the left subclavian
artery (A). The distal aorta and arch are augmented
with a single patch. The width of the patch at the most
proximal end is tailored to achieve the final circumfer-
ence desired for the sinotubular junction (Fig. 2, W).
(B) After the patch suture line is completed, the aortic
clamp is reapplied, and cardiopulmonary bypass is re-
instituted. Proximal reconstruction is performed as de-
scribed previously, and the aortic anastomosis is com-
pleted. (C) Ideal placement of the distal patch will
result in a connection overlapping either side of the
right sinus patch, allowing maximal apposition of na-
tive aorta. (Adapted with permission fromMitchell MB,
Goldberg SP: Supravalvar Aortic Stenosis in Infancy.
Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann
14:85-91, 2011.)
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84 M.B. Mitchell and S.P. GoldbergConclusions
Recent literature indicates increasing bias toward 3-sinus re-
pairs for SVAS.3,6,8,10,11,18 Mid- and long-term outcomes for
multi-sinus repairs (2- and 3-sinus) compare favorably to the
classic single-sinus approach, but there are no clinical data
demonstrating superiority of 3-sinus repairs over the Doty
procedure.6,8,11,18 The Myers slide aortoplasty theoretically
llows growth potential in infants and young children with a
ymmetric 3-sinus reconstruction of the aortic root.16 When
surgery is indicated in younger children (ie, those weighing
less than 10 kg), diffuse disease is more common, and such
patients are poor candidates for this repair.10,12,19 In larger
patients growth potential is less concerning. Because slide
aortoplasty is more difficult than the Brom repair, it offers
little advantage.10 These patients often have other primary
and secondary pathologic conditions of the aortic root, and
long-term follow-up is necessary regardless of early outcome.
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